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SIRUP  TREATMENT  OF  APPLE  SLICES  FOR  FREEZING  PRESERVATION 


This  circular  describes  a  new  prefreezing  treatment,  called  "sirup  filling," 
for  apple  slices  preserved  by  freezing.    This  method,  which  has  been  developed 
on  a  laboratory  scale,  yields  a  product  with  more  desirable  flavor  and  texture 
'.and  less  drip  than  are  commonly  obtained  with  commercially  used  methods  for 
the  prevention  of  browning  of  apple  slices. 

Sirup  filling  consists  of  removal  of  tissue  gases  from  apple  slices  by  the  use 
of  a  vacuum,  followed  by  partial  replacement  of  voids  with  a  sugar  sirup  con- 
taining about  AO  percent  sucrose  and  a  small  amount  of  antioxidant.  The 
operation  is  carried  out  by  immersing  sliced  apples  in  the  sirup  in  a  vacuum 
chamber,  pulling  a  vacuum  of  about  29  inches  of  mercury  for  A  to  5  minutes, 
releasing  the  vacuum  with  air,  and  allowing  the  sirup  to  penetrate  the  slices 
for  a  few  minutes.    The  slices  are  then  removed,  drained,  packaged,  and  frozen 
in  the  usual  manner. 

The  greatest  overall  improvement  in  texture  due  to  sirup  filling  is  observed 
in  soft  varieties  of  apples  such  as  Gravenstein,  Mcintosh,  Cortland,  and  Rome 
Beauty;  the  texture  of  Wine saps  and  Newtown  Pippins  is  not  helped  much,  since 
their  hard- structure- is  not  seriously  weakened  by  the  presently  used  steam 
blanching  or  sulfiting  processes.    However,  the  flavor  of ' sirup-filled  slices 
is  distinctly  better  than  that  of  comparable  slices  blanched  in  steam.  In 
addition,)  slices  impregnated  with  sirup  containing^ 4-0  percent  sucrose  lose 
only, oner third"  to , one -ha If  as  much  juice  during  thawing-  as  comparable  sulfited 
slices,    k  largo  reduction  in  the  amount  of  undesirable  frothing  and  "boiling 
over"  frequently  observed  v;hen  sulfited  slices  of  soft  varieties  are  baked  in 
pies  is  also  obtained. 

In  this  circular,  the  general  equipment  and  procedure  for  sirup  filling  will 
be  discussed,  followed  by  sections  on  (l)  the  sucrose  concentration  of  the 
sirup;  (2)  the  prevention  of  browning  with  antioxidants;  (3)  changes  in  weight 
and  sugar  content  of  the  apple  slices;  (A)  changes  in  the  sirup;  (5)  alternate 
procedures,  including  (a)  breaking  the  vacuum  with  sirup  instead  of  air  and 
(b)  a  "continuous11  procedure,  consisting  of  dipping  slices  in  sirup,  followed 
by  sealing  the  sirup-coated  slices  in  cans  under  a  vacuum;  and  (6)  addition  of 
calcium  salts  or  fruit  acid  to  the  sirup. 

Equipment  and  Procedure  for  the  Batch  Treatment 

The  following  information  on  sirup  filling  is  based  upon  laboratory  experiments 
with  batch  sizes  up  to  a  maximum  of  about  25  pounds  of  apple  slices.  Applica- 
tion of  the  method  to  large-scale  operations  will  require  preparatory  testing. 

Up  to  and  including  slicing  of  the  peeled  and  cored  apples,  the  equipment  and 
procedure  required  are  identical  with  those  of  the  usual  apple  freezing  line. 
In  addition  to  such  a  line,  a  vacuum  chamber  and  attached  vacuum  source  capable 
of  maintaining  a  vacuum  of  29  inches  of  mercury  (or  25  to  26  inches  if  a 
holding  time  of  15  minutes  is  used)  are  required,  as  well  as  accessory  equip- 
ment such  as  sirup  tanks,  baskets,  etc. 
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There  are  many  satisfactory  methods  of  carrying  out  the  vacuum  operation,  and 
since  it  is  frequently  possible  to  convert  presently  available  plant  equipment 
to  such  an  operation,  this  circular  Will  not  attempt  to  make  specific  recom- 
mendations on  equipment  to  be  used.    However,  satisfactory  results  have  been 
obtained  with  a  50-gallon  stainless-steel  vacuum  tank  as  the  vacuum  chamber. 

v*ith  this  equipment,  the  prepared  slices  are  removed  from  the  holding  salt 
solution  (1  to  2  percent),  drained,  filled  into  a  perforated  stainless-steel 
basket,  and  weighted  down  ?.:ith  some  sort  of  cover  to  prevent  slices  from 
floating  in  the  sirup.    Next  the  filled  basket  is  lowered  into  the  vacuum. tank 
containing  sufficient  sirup  to  cover  the  slices  completely.    Sufficient  clear- 
ance (6  to  8  inches  is  generally  sufficient)  between  the  sirup  level  and  the 
vacuum  outlet  is  provided  to  allow  for  frothing  during  the  evacuation.  After 
the  container  has  been  closed,  the  vacuum  source  is  turned  on  and  the  vacuum 
brought  down  to  and  hold  at  29  inches  of  mercury  for  L,  to  5  minutes,  or  at 
least  15  minutes  at  25  to  26  inches.    The  vacuum  is  then  released  with  air, 
and  the  slices  are  held  undisturbed  for  a  feu  minutes  to  permit  penetration  of 
the  sirup.    Then  the  slices  are  removed,  drained  briefly,  packaged,  and  frozen 
in  the  usual  manner. 

If  possible,  sight  ports  should  bo  built  into  the  vacuum  vessel,  so  that  the 
progress  of  the  gas  removal  can  be  followed  by  the  intensity  of  bubbling.  The 
evacuation  should  be  continued  until  no  substantial  amount  of  action  is  visible. 

If  a  corrosion-resistant  vacuum  chamber  is  not  available,  it  is  possible  to 
use  a  slightly  modified  procedure.    The  slices  and  sirup  are  placed  in  an 
ordinary  stainless-steel  container  with  draining  spigots,  and  this  container 
is  hoisted  into  the  vacuum  chamber. 

Grab  and  Haynes  (1)-'   have  recently  described  the  conversion  of  steam-pressure 
canning  retorts  for  use  as  vacuum  vessels.    In  any  case  where  converted  equip- 
ment is  to  be  used,  the  plant  operator  should,  of  course,  assure  himself  that 
the  reaction- chamber  is  capable  of  withstanding  the  required  vacuum.  Vacuum 
treatment  of  fruit  products  has  been  included  in  certain  patented  processes, 
and  any  packer  contemplating  the  use  of  a  vacuum  process  should  familiarize 
himself  with  these  patents. 

Sucrose  Concentration  in  the  Sirup 

The  best-quality  product  is  obtained  with  sirups  containing  4-0  to  60  percent 
sucrose,  and  no  particular  advantage  has  been  found  for  concentrations  over 
4.0  percent.    Slices  filled  with  20  percent  sirup  result  in  a  much  less  desir- 
able product. 


„  l/  See  Literature  Cited,  page  4., 


Prevention  of  Browning -with  Antioxidants 

Browning  during  freezing,  thawing,,  and  baking  of  the  slices  is  satisfactorily 
controlled  by  adding  small  amounts  of  either  sodium  bisulfite  or  ascorbic  acid 
to  the  sirups.    A  concentration  of  200  to  300  pom.  of  sulfur  dioxide  or  0.2  to 
0.3  percent  ascorbic  acid  is  generally  sufficient.    The  best  results  with 
ascorbic,  acid  are  obtained  when  it  is  used  in  conjunction  with  supplements  such 
as  0.2  to  0,3  percent  salt  or  0.5  to  1.0  percent  citric  acid.    If  the' final 
intended  use  for  the  frozen  product  permits  packing  and  freezing  of  the  slices 
submerged  in  sirup,  the  effect  of  the  ascorbic  acid  will  be  .greatly  enhanced. 

Changes  in  the  Apple  Slices  " 

Most  apple  varieties  impregnated  with  /+0  percent  sirup  gain  3  to  3  percent  in 
weight  and  increase  in  apparent  sugar  content  (determined  by  refractometer) 
from  original  values  of  9  to  14  percent  sugar  to  final  values  of  17  to  20 
percent  sugar.    The  final  weight  and  sugar  content  of  slices  will'  depend,  of 
•course,  upon  such  factors  as  variety,  maturity,  contact  time,  etc.    Within  a 
piven  variety,  soft,  ripe  fruit  absorbs  more  sirup  than  hard,  immature  fruit. 

Extended  immersion  in  sirup  may  result  in  removal  of 'considerable  water  from 
the  apple . slices  by:  osmotic  action. .  In  certain  varieties  which  permit  only 
minor  sirup  absorption,  this -osmotic  action  may  be  sufficient  to  result  in  an 
overall  weight  loss, : even  though  the  slices  have  picked  up  sugar  from  the  sirup 

Changes  in  the  Sirup 

Changes  in  the  sirup  will  also  depend  upon' such  factors  as  variety  and  maturity 
of  the  apples,  contact  time,  etc.,  and  each  new  lot  of  apples  should  be  sub- 
jected to  preliminary  small-scale  tests  to  determine  how  it  will  behave  during 
the  treatment. 

In  general,  however,  when  apple  slices  and  sirup  are  mixed,  the  most  pronounced 
change  in  the  sirup  is  a  lowering  in  density,  the'  extent  of  which  depends  on 
the  ratio  of  fruit  to  sirup  and  on  the  contact  time.    Of  course,  if  freshly 
prepared  slices  from  the  holding  salt  solution  are  not  thoroughly  drained,  a 
serious  dilution  effect  will  also  result.    With  a  1:1  ratio  by  weight  of 
slices  to  sirup,  the  sucrose  content  of  the  sirup  will  usually  decrease  by 
about  10  percent  after  one  batch  of  apples  has  been  treated.    Hence  it  will  be 
necessary  to  check  the  sucrose  content  of  the  bath  frequently  in  order  to  keep 
it  at  the  desired  level.    The  concentration  of  antioxidant  will  also  decrease 
ana  should  be  checked  frequently  for  control  purposes.     '  * 

The  volume  of  the  sirup  will  generally  maintain  itself  pr"etty  well,  as  -the 
increase  caused  by  the  addition  of  make-up  sugar  'will  balance  the  decrease 
caused- by  absorption  of  sugar  by  the  slices.    Tilth  varieties  of  apples  that 
permit  little  sirup  absorption,  or  with  contact  times  that-  are  unusually  long, 
or  with  inadequate  drainage  of  the  holding  salt  solution  from  the  apples,  the 
volume  of  sirup  will  increase,  and  a  reduction  in  volume  by  an  evaporation 
process  may  become  necessary. 
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Breaking  Vacuum  with  Sirup 

The  process  described  above  nay  be  modified  slightly  by  evacuation  of  apple 
slices  in  the  absence  of  sirup,  followed  by  addition  of  the  sirup  to  the 
evacuated  slices  at  the  tine  the  vacuun  is  broken.    This  procedure  aids  removal 
of  gases  fron  the  apple  tissue,  eliminates  the  frothing  oroblem,  and  reduces 
the  contact  time  between  apples  and  sirup  (thereby  reducing  the  amount  of  water 
drawn  out  of  the  apple  slices  by  the  osmotic  action  of  the  sirup).    This  method 
requires  a  slight  modification  of  the  equipnent  described  ea*rlier,  so  that  sirup 
instead  of  air  can  be  admitted  at  the  time  the  vacuum  is  broken.    Connecting'  a 
supplementary  vessel  containing  the  sirup  directly  to  the  evacuation  chamber 
will  accomplish  this  purpose.    The  existing  pressure  difference  forces  the  sirup 
into  the  vacuum  vessel. 

Alternative  Procedure  for.  Continuous  Operation 

To  avoid  some  of  the  obvious  disadvantages  of  batch  processes,  a  more  basic 
modification  of  the  sirup-filling  technique  can  be  made,  which  will  permit 
operation  in  a  more  nearly  continuous  manner.    The  freshly  prepared  apple  slices 
are  dipped  directly  into  a  tank  containing  sirup,  drained,  placed  in  cans,  and 
sealed  under  a  vacuum  of  29  inches  of  mercury  prior  to  freezing.    Ribbed  cans 
capable  of  withstanding  such  a  vacuum  must  be  used. 

•  The  success  of  this  procedure  is  entirely  dependent  upon  the  ability  of  the  con- 
tainer to  maintain  a  vacuum  throughout  the  storage  period.    If  the  container . 
leaks  or  is  opened  prior  to  defrosting,  oxygon  pill  ro-ent^r  the  tissue  and  rapid 
browning  will  occur  throughout  the  interior  of  the  slices  during  thawing. 

Addition  cf  Calcium  Salts  or  Fruit  iicid 

If  desired,  additional  firmness  of  the  apple  slices  can  generally  be  obtained 
(depending  upon  maturity  and  storage  history)  by  addition  of  small  amounts  of 
calcium  salts  to. the  impregnating  solution  (2,  3).    Similarly,  the  final  acidity 
of  sirup-filled  fruit  can  be  adjusted  by  incorporating  the  proper  amount  of 
fruit  acid  in  the  sirup.    The  addition  of  1.5  to  2.0  percent  of  citric  acid  to 
the  sirup  used  to  fill  Delicious  apples  results  in  marked  improvement,  in  flavor. 

Requirements  cf  governmental  regulatory  agencies  must,  cf  course,  be  met  if 
calcium  or  acid  is  to  be  added  to  the  product. 
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